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use of antimicrobials in food producing animals, including aquacultured animals. The
aculture industry trade association with over 2000 members. We represent
gquaculture industry sectors (species) involved in the production of over 35

antibiotic resistant human bacterial pathogens. Part of this misinformation

se of a lack of data germane to the US aquaculture industry regarding the

cs in the environment, the causes of antibiotic resistance under

nditions, and the probability of resistance transfer from aquatic bacteria to

s. There 1s also poor understanding about US aquaculture practices. For

example, data puggests that antibiotic resistance can occur under aguaculture conditions

in the sbsence Pf antibiotic use. This is believed to occur as a consequence of high

trations. We suggest that there are several natural barriers that make

ices a very low risk to human health. We summarize below some of the

to the risk assessment model and provide more extensive analysis of the
antibiotic resisfance issues and US aquaculture in the attached memo from the NAA

- Aquatic Animal Health Committee.

Aquaculture nts several unique challenges to using the draft model for estimating
risk to humao health. All farm raised aquatic animals are minor species relative to human
consumption patterns. This makes estimation of the amount of human consumption of
any one species problematic. This problem is compounded by the lack of evidence
suggesting ultured animals are associated with foodbome diseases. With the
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exception of channel catfish and salmonids, per capita consumption data is not readily

not be able to use antibiotics because therapeutics are not approved for use
animal species.

species would
in most aquaty

US farm raised aquatic animals have not been implicated in foodborne diseases. We
suggest severa| reasons for this. Finfish and shellfish are poikilothermic animals. As
such, the bacterial flora in or on these animals does not commonly occur in people or
cause human disease. There are no resident bacterial species in fin or shellfish. Bacteria

he of these from aquacultured animals have been assoclated with human
seases in the US. Cool and cold water farm raised aquatic species rarely if

\almonella spp. in seafood and in their latest report (DOEP 98-12) they
nella spp in 0.7% of their samples. Of the eleven positive samples, four
omestic aquacultured catfish, four were imported shrimp (two of which

where aquaculture practices are different. In some countries, human sewage or terrestnal
are purposefully added to rearing waters to increase primary (algal)
production. These algae in turn enhance fish production. There are several reports
suggesting animals from these environments could be associated with human foodborne
diseases although there is some uncertainty as 1o the accuracy of these reports. Inthe US,
rposefully added to rearing waters. It is also not clear whether
contamination jof the fishery products occurred before or after fish processing. Shellfish
(e.g. oysters, clams, and mussels) have been associated with foodborne disease but these
animalg are raiged under open water conditions and do not receive anibiotics in
production.

Antibiotics are only used for therapeutic purposes in US aguacuiture. This differs from at
least some terrpstrial animal production practices. In the US, only two antibacterial
agems (oxytetjacycline and the potentiated sulfonamide, Romet-30) are approved and
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available for use in some (catfish, salmonids and lobster) aquatic food animal production.
In contrast, some countries use up to 29 antibiotics or combinations in their aquaculture

practices.

Suitability of this draft risk assessmemnt model for determining risk to human health from
resistant foodborne pathogens associated with the use of antimicrobials in US
aquacultured food animals is highly questionable. US consumption patterns do not

readily lend themselves to sufficient data and the diversity of aquatic animals raised
further compramises this issue. The prevalence of human pathogens in farm raised
aquatic animals is highly variable and the association of foodborne illness with
consumption of aquacultured food animals is non-existent. Thus there would be
insufficient daga with which to utilize this model for assessing the risk of aquaculture to
human safety. |We suggest a priori that US aquaculture is a very Jow risk to human

safety.

We encourage Fonsideration of the attached document to help formulate the best means
of assessing ris(k associated with the use of antibiotics in US aquaculture.

Sincerely,
ohn R. MacMillan, Ph.D.
President

Encl.
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rember 20, 1999
A, Aquatic Animal Health Committee

Subject: Rev

iew of Dr Fred Angulo’s memo, October 18, 1999 titled: Use of antimicrobial

ents in aquaculture: potential for public health impact.

ion (CDC). The National Aquaculture Association had challenged the
Dr. Angulo in a leter dated September 24, 1999 and had requested the factual
ents that certain US aguaculture practices posed a significam risk 1o public

- pramca endangering pubhc health The CDC analysis made gross

asQUm ptums and extrapolations in order to support their position. In at least ope

misread the scientific literature. CDC did not cite any evidence of problems
with US aquaculture practices but instead relied on isolated instances
gountries. The CDC did not critically mmme smennﬂc literature that

e. The CDC did not differentiate US aquaculture practices from those
2. There does not appear to be any recognition for the differences in the

restricti%dmga valpmcssinthaUSmmparedmothermunﬁies. There does not appear

for differences in hygiene between coumries and these differences create
impact buman health. There does not appear to be any recognition for the
dry practices in the US compared to other countries. All of these factors

create a barrier to resistance transfer and could substantially impact relative risk.
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The CDC analysis torrectly identifies the potential for antimicrobial use under aquacuiture
conditions to selecy for bacteria resistant to an antibiotic. This is in agreement with widely
documented scientific evidence that antimicrobial use of any extent in any environment is likely
to select for antibiatic resistant bacteria in that environment (e.g. Obrien et al. 1987; Courcol et
al. 1989; Inglis et a). 1993; Lewis 1995; Gaynes 1997; Levy 1997; Cristino 1999). Most
scientific evidence highlights antibiotic resistance development in the human hospital setting
although modifying factors in this environment have been identified (Gaynes and Monnet 1997).
There are several r¢ports in the international and US scientific literature describing the
oceurrence of resistant bacteria following use of antibiotics for therapeutic purposes in
aguaculture (e.g. Tsoumas et al. 1989; Cooper et al. 1993; Starliper 1993). Antibiotic resistance
has also been observed in bacteria obtained from wild fish. Pettibone et al. (1996) isolated
muitiple antibiotic fesistant Aeromonas spp. from wild brown bullhead (Jctalurus nebulosus)
captured from the Buffalo River in New York. The assumption in this research was that
extensive contamingtion of the Buffalo River with antibiotics from sewage outfalls led to the
occurrence of antibjotic resistant acromonads that could infect or colonize fish Several others
(e.g. Smith 1970; Grabow and Prozesky 1973; Baya et al. 1986; and Hirsch et al. 1999) have
documented that arjtibiotics or antibiotic resistant bacteria can occur in sewage. Antibiotic
resistant bacteria may also occur in the spparent absence of antibiotic use. Baya et al. (1986)
found that nearly 24% of bacteria from clean water open ocean sites were resistant to penicillin
and 14% were resistant to erythromycin. Spanggaard et al. (1993) noted 6% of bacterial isolates
obtained from an uppolluted stream in Denmark were resistant to oxytetracycline. The factors
responsible for the p ence of antibiotic resistance in the absence of antibiotic use were not
elucidated but desefve careful consideration. McPhearson et al. (1991), Kapetanaki et al. (1995),
and Vaughan et al. [1996) report that other factors such as relatively high levels of nutrients can
give rise to increases in the frequency of resistant bacteria in aquatic environments. These
bacteria appear to be tolerant of aatibiotic because of membrane mediared resistance (Smith et al.
1997) that is not plasmid mediated and occurs even in the absence of antibiotics. More recently
Gilliver et al. (1999) report a significant level of antibiotic resistant Enterobacter from wild
rodents living in an environment free of antibiotics attributed to human usage. The factors
accounting for prevalence of this resistance are also unknown.

The CDC did not cfitically evaluate differences in resistance breakpoints amongst the scientific
literature they cited, While this may have been beyond the scope of their assignment, the issue
merits considerable examination. The danger of assuming all literature published is relevant and
indicative of real resistance was recently illustrated by Ewert (1998). Ewert (1998) compared

to the breakpoints ysed by the US National Committee for Clinical Laboratory Standards
(NCCLS) for Salmonella typhimurium and ciprofloxacin. The LEP breakpoint is 0.25 pg/ml
while the NCCLS Hreakpoint is 4 ug/ml Clearly, international standardization of resistance
criteria is essential if decision about public health rigk are to be made. Such analysis of the CDC
literature cited was jalso beyond the scope of our analysis.

Page 2 of 12
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correctly identifies that resistance can occur among aquatic bacteria that are

The evidence cited above supports this. However, the CDC analysis
will not occur in areas not subjected to annbiotic use. This 1s incorrect as
g Baya et al. 1986; Spanggaard et al. 1993: and Gilliver et al. 1999). The
literature cited (Ervik et al. 1994) is in error. Ervik et al. (1994) did not
nce of antibiotic resistart bacteria in fin fish from untreated areas as
Only blue mussels (Mytilus edulis) were in fact examined up to 500 m away

) from a marine net pen fish farm. A greater prevalence of resistant bacteria

the blue mussels collected next to the farm but resistance was still detectable
station. Factors accounting for resistance distant from the fish farm were

ation of oxohmc acid and ﬂumequme antszotlcs in blue mussel and wild
net pen. Highly variable concentrations were detected ranging from 0.95 1o
ilar but more extetisive examination of blue mussels, Coyne et al. (1997)

entration of oxytetracycline. Oxytetracycline was not detected in mussels

the net pen. Coyne et al. (1997) observed significant concentrations of

pens if there was

potential human health risk was to educate farm personnel as to the risks.
o refrain from eating mussels obtained from the immediate vicinity of the net

transfer resistance factors to other bacteria but how frequently this occurs in

is pot known. We believe a similar transfer can occur from other bactena to

he aquaculture environment. Thus, under artificial environments, Kruse and

ynstrated that resistance plasmids could be transferred from the human
wlerae to the fish pathogen Aeromonas salmoricida and from a bovine E coli

conditions. Kruse and Serum (1994) used simulated natural environments and controlled
laboratory conditiops attempting to answer this question. Factors that may influence the transfer
probability include probability of sharing the same environment, bacterial abundance and
temperature. Clearly additional study is required if the significance of such transfer potential

from fish pathogens
determined. The C]
of the antibiotic res;
Griffiths and Lynch

or aquatic bacteria to human pathogenic bacteria is to be properly

DC analysis did not address the probability of this occurring. At lease some
stance detected in aquatic bacteria is not transferable (Wood et al. 1986;
1989; Piddock et al. 1989; and Bames et al. 1990).

Page 3 of 12
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The CDC analysis orrectly identified a possibility of the transmission of bacteria present under

aquaculture conditions to humans however the CDC did not address the probability of such
. e is unique in that zoonotic bacteria are rare in most aquatxc amma.ls. The

als such that few bacterial pathogens of farmed fish in tempemte climates
cting humans (Alderman and Hastings 1998). Rarely can even warm water

bacteria infecting

d its inttial detection. CDC describes a scenario they believe suggests that
human infection with antibiotic resistant ¥7brio cholera occurred because of the transfer of
resistance factors fiom non-cholera Vibrio present in shrimp from Ecuador shrimp farms. While
such a transfer scenario is plausible, the probability of this occurring is unknown and likely very
small. More probable aliernative explanations can be presented. An epidemiologic case-control
Sy epidemic in Ecuador identiﬁed several] risk factors for infection thaI included

in human carriers, flecal matter and sewage. Subsequent disposal of sewage could contaminate

grm workers. Antibiotics used in Ecuador for umans or for shrimp may also
a 1999). Substandard drugs, whose activity is greatly diminished, could

T of developing bactenal antibiotic rwistance The CDC analysis a!so

etrating wounds from the spines of the ﬁlapia. The source of the bacteria
associated with the infections may have been bacteria carried by live Zilapia. Proper food
bandling is a wzl:;ﬁnown preventive for minimizing food borne illness. In Israel, when the fish
were no longer marketed live, human Vibrio infections ceased to occur (Bisharat and Raz 1996).
Various Vibrio spedies are normal bacterial flora in the marine environment (Baumann et al.
1984) s0 it is to be expected that fish obtained from that environment would have these bacteria
present. It is probably appropriate to assume infections could occur again if live fish are not
handled carefully. ]Fmper bandling may have a significant impact on the prevalence of food
borne pathogens. Parsonnet and Kass (1987) found very low prevalence of infection with
antibiotic resistant £ coli among female poultry abattoir workers exposed to considerable

Page 4 of 12
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amounts of antibiotic resistant bacteria. While not absolute protection, it seems reasonable to
believe that washing hands minimizes infections from poultry borne Salmonella and
Campylobacter as foes attention to good processing practices and proper cooking. CDC further
cites reference to fpod borne disease from V. parahemolyticus infections in Japan which were

aspocigted with a virulence plasmid spvC (Gulig et al. 1993) which is not
nella. Swamy et al. (1996) demonstrate that non-typhimurium Salmonella

e spvC plasmid. Bj6rkman et al. (1998) found that most S. t)phimm‘um

streptomycm., nfamptcm, and nalidixic amd were avirulent in mice

pmntisall

s, the US Food and Drug Administration monitors the occurrence of
afgod. In the 1998 Sa/monella in Seafood Assignment (DOEP 98-12)
dlla spp were detected in 11 of 405 samples tested (2.7%). Of these eleven,
aculture operatlons All of these bad been further processed to some extent

crustaceans from four major seafood retail outlets in India. A tatal of 240 Salmonella strains

countries. Post-harvest contamination of products might also arise from processing under poor
sanitary conditions pecording to these researchers.

The CDC states that “these and other reports mdlcate that bactcna present in aquaclﬂtu!e
something unique apout aquaculture ecosystems that promote the occurrence of potentially
pathogenic bacteria, While there are indeed reports documenting the occurrence of human
alture ecosystems, the occurrerice of actual human disease associated with

these environments|is rare. No reports documenting that fish farm workers have a greater
prevalence of bacterial disease than those working in other environments could be discovered.

Page Sof 12
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Review of CDC Water Related Disease Reports (St. Louis 1988; Levine et al. 1990) did not
document any disepse outbreaks associated with US fish farms. The CDC does not currently
have a monitoring program directed specifically at aquaculture facilities or areas. Alderman and
Hasnngs (1997) argue that the probability of pathogens from fish farms aﬂ‘ecnng bumans is very
fow.

CDC cites evidence suggesting that Sa/monella serotype typhimurium definttive type 104 (DT
104) that are retracycline resistant may have originated in aquaculture. The evidence for thns is
ascribed to the unique class G resistance gene that was first described in isolates of 7.
anguiliarnsm, a pathogen of fish CDC further speculates that the novel florfenicol resistance
gene (florR) in S. typhimurium DT 104 came from Photobacterium (Vibrio?) damsela, a bacteria
found on or in marine fish and in marine environments. These arguments are highly speculative.
The detection of a hinique class of resistance gene in a fish pathogen for the first time may merely
be due to a fortuitous examination of a particular isolate. Bolton et al (1999) stare that
florfenicoi-resistant E. coli are also flo, (which is the same as florR) positive and that florfenicol
resistance is likely fo be more commonly found in other bacterial species if testing is done.
Bolton et al. (1999) also suggest that it has not been the use of florfenciol in cartle that accounts
for the occurrence and perhaps selection of the f7o,; geneotype but rather other factors. The CDC
argument is furthey] discredited by the recent detection of the ¢lass G tetracycline resistance gene
in Pseudomonas isplates collected from Michigan apple orchards with no or limited history of
oxytetracycline usdage (Schnabel and Jones 1999). CDC stretches credibility in speculating that
the origin of the S. yphimurium DT 104 florR was from P. damnsela. The P. damsela reported by
CDC (but not specifically referenced in their memo) was probably cuitured from wild fish not in
those raised under aquacutture conditions (Love et al. 1981). In contrast to CDC, Briggs and
Fratamico (1999) dte evidence that DT 104 commonly occurs in cattle and has been contracted
by humans exposed to cattle. Wall et al. (1995) provide evidence for the transmission of S.
typhimurium from ¢attle to man. Reports documenting the transmission of S. sphimurium from
fish to man could npt be found.

antimicrobial resistance determinants resulting from aquaculture’s use of

CDC speculates
ferred 10 human pathogens at a frequency greater than previously suggested.

antibiotics are

In comrast to the speculation, recent reviews (Smith et.al. 1994; Alderman and Hastings
1997) provide evid that the probability of antimicrobial resistance occurring in human
pathogens as a t of the use of antibiotics in aquacuiture is low. These authors state that the

e transfer in the US is evenlessthaninothercounn'ieshecause of the

fer. Most of the aquaculture practiced in the US are freshwater based and
most have relatively good comrol over the effluent through settling ponds that capture solids.

Page 6af 12
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highly speculative and does not address probabie risk. The CDC review
e between aquaculture in the US or in other countries. Aquaculture practices

differ dramatically from country to country particularly regarding the use of antibiotics. In Japan

for example, 29 an
drugs may be used.
the US aquac
promoters and are
dafference also occl
for example, water}
imegrated aquaculy

ibiotics or combinations may be used (Okamoto 1992) and in Chile 16-17

In contrast, only two antibacterial drugs are approved, available and used in
food fish industry. Antibiotics are not used in US agnaculture as growth
nly applied for the treatment of certain bacterial diseases. Considerable
hrs in the type of water used to cultivate aquatic animals, In China and India
 from man sewage may be used. Kontara and Maswardi (1999) report
ire is common in Indonesia. Integrated aquaculture occurs when fecal matter

from a poulry opejation is deposited in a fish pond to fertilize the pond stimulating algal growth

for fish consumpt;
aquaculture water.

n. In the US, this practice does not occur nor is sewage used as 2 source of
Processing standards are also substantially different. FDA recently instituted

a mandatory sea

d processor Hazard Analysis Critical Control Point program which provides

increased assyrance that only approved antibiotics are used and not misused, and processed fish

are not likely 10 co

CDC has not ad

would make a signi|

This 13 an importan
address the use of

where success is m
suggests reduction

prevalence of
explorarion and
subgtantiate this ob
1997) suggest redu
bacteria. A differe
becanse of differen

tain buman pathogens.

sed the issue of whether reduction in the use of antibiotics in US aquaculture
ficant difference in the prevalence of antibiotic resistant buman pathogens.
question because it answer would have great bearing on how best to
tibiotics in US aquacuiture. Conflicting reports, even in hospital setrings
st likely, make such a judgement difficult. One report (Cristino 1999)
use of macrolides in Danish hospitals has led to a decrease in the

mycin resistant Siaphylacaccus pyogenes. While this requires further
s not address animal agriculture or aquaculture uses, other repons fail to
ation. Two recent reports (Schragg and Perrot 1996; and Levin et al.
on in antibiotic use will have little impact on the prevalence of resistant
impact between hospltals and other environments might be expected
s in dynamics. Over prescription of antibiotic in hospitals is one potential

dio

factor. Hospirals are also subject to considerable bacterial migration as patients enter and leave.
Such migration and|replacement of bacterial populations could occur in an accelerated fashion
because of routine sanitation that destroys resident microflora. In contrast, outside the hospital,

such sanitation pra
Other factors likely
recipient compatibi
decisions can be

ices are unlikely to occur and change in microbizal flora could be slower.
o affect resistance gene transfer probability are cell density and donor-
ity. Considerably more information must be available before informed
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